Objectives: The aim of this study was to evaluate and compare the efficacy of 3 rd generation quaternary ammonium compounds and formaldehyde for fumigation of operation theatres. Materials and Methods: Fumigation and fogging of operation theatres by formaldehyde and 3 rd generation quaternary ammonium compounds respectively were done by standard procedures. A total of 144 samples (swabs as well as open plates) each were collected prior and after fumigation by formaldehyde during the 1 st half (October -November 2012) and 144 samples prior and after spray fogging by 3 rd generation quaternary ammonium compounds in 2 nd half (December -January 2013) of the study. The samples were then cultured onto 5% defibrinated sheep blood agar and Mac Conkey agar and identification of the isolates were done following standard bacteriological techniques. Results: Reduction in the number of pathogens before and after disinfection by formaldehyde was 70.83 % (n=102) to 19.44% (n=28). In contrast, the reduction in bacterial growth prior and after fogging by 3 rd generation quaternary ammonium compounds was from 74.3% (n=107) to 13.88 % (n=20). Coagulase Negative Staphylococcus and Pseudomonas aeruginosa were the prevalent organisms isolated from all the samples. Formaldehyde based fumigation, although widely used in health care settings, may not be as good disinfectants as newer formulations like 3 rd generation quaternary ammonium compounds not because of its less effectiveness but keeping in view its toxic effect and carcinogenicity. Conclusion: Newer quaternary ammonium compound (QAC) formulations can be used in health care settings for disinfection of operation theatres instead of the relatively toxic and carcinogenic formaldehyde.
INTRODUCTION
Disinfectants play a vital role in global infection control as a crucial weapon against transmission of nosocomial pathogens/infections combating global disease outbreak. As in this advancing medical era, the microbial contamination of the hospital environment, especially the operating theatre, intensive care units had continued increased prevalence of nosocomial infection. [1] [2] [3] [4] The people who are in risk do not only involve the patients, but the health professionals including nurses as well.
With the rise in multidrug resistant Staphylococcus aureus (MRSA), and other resistant strains, there is great difficulty in infection control. [5] Reduction of microbial contamination impact depends primarily on improved cleaning and proper disinfection of the hospital environment, especially high risk areas, as these measures are crucial to stemming down dissemination of these microbial contaminations. In most of the health care settings, formaldehyde gas is used for fumigation of operation theatres, intensive care units and other critical areas. This method is effective in killing microorganisms, but toxicity issues persist. [6] [7] Nowadays, there is limited awareness among health care workers about choosing an appropriate disinfectant, especially in small health care settings. Usually, an agent with broad-spectrum antimicrobial activity is chosen based on the literature provided by manufacturers. Many hospitals are still using phenolic disinfectants, while their use is being discouraged throughout advanced countries. Toxicity issues have led to discontinued use of gluteraldehydes in some developed countries. [8] but in developing countries, they are used very frequently. Because of the ongoing controversy of the role of formaldehyde as a potential carcinogen, the use of formaldehyde is limited to certain specific circumstances under carefully controlled conditions.
To overcome the toxic issues we tried a 3rd generation quaternary ammonium compounds (QAC's) also called as "dual QAC's" (e.g. one contains equal part of alkyl dimethyl benzyl ammonium chloride and alkyl ethyl benzyl ammonium chloride.) These QACs have increased biocidal activity, stronger detergency, and increased safety to the users (low toxicity). Keeping in view the above, the following study was planned with an aim to evaluate and compare the disinfection efficacy of 3rd generation quaternary ammonium compounds over formaldehyde for fumigation of operation theatres.
MATERIALS AND METHODS
The study was conducted in a tertiary care hospital with a bed capacity of 630 in eastern Uttar Pradesh between the period of October 2012 to January 2013. The study site was main operation theatre (OT) of this hospital. The samples were collected from the indoor air, surfaces (floors, wall, OT tables, windows, instrument trolley, anesthetic equipment, suction apparatus, air conditioner, overhead lamp, switch boards) present in OTs.
Samples
The samples were collected from the sites by two sampling procedures, open plate and swabbing. [9] The sampling procedures were done for prefumigation/prefogging and post-fumigation/post fogging once in a week.
In the open plate method 5% defibrinated sheep blood agar (HIMEDIA, Mumbai) and Mac Conkey agar (HIMEDIA, Mumbai) plates were placed horizontally about one meter above the ground and exposed for 8 hours in eight designated locations. In the swabbing method, sterile swab sticks (HIMEDIA, Mumbai) were used by rolling over the surface and equipment used in operating theatres. Microbiological procedures: The swab sticks were inoculated on sterile 5% defibrinated sheep blood agar and Mac Conkey agar plates. The inoculated plates and the open plates were incubated at 37°C for 24 h. After incubation, bacterial colonies were identified by standard bacteriological procedures like Gram staining, motility and biochemical tests. [10] During the first two months of the study (October and November 2012), the OTs were sterilized by formaldehyde (concentration: 37-41 % Rankem RFCL Ltd.) using Potassium permanganate (KMnO 4 ) method: For each 1000/cu ft, 450 gm of KMnO 4 (Rankem RFCL Ltd.) to 500 ml of formaldehyde (40% solution) was added. About 5 to 8 bowels of equally divided parts of formaldehyde and equally divided KMnO4 were placed in various locations. This caused auto boiling and fumes were generated. After the initiation of formaldehyde vapour, the room was immediately left and sealed. After the fumigation process, the formaldehyde vapour was neutralized with 150 ml of 10% ammonia (for 500ml of formaldehyde used, i.e., for 1000 cubic feet). The ammonia solution was placed in the center of the room and left for 3 hours to neutralize the formalin vapour. [11, 12] During the last two months of the study ( 
DISCUSSION
Bacterial contamination of operation theatre in hospital settings had been contributed significantly to the high prevalence of nosocomial infection. [13] Proper disinfection of the operation theatres plays an important role in interrupting the environmental transmission of pathogens. Disinfection of the surfaces is important in operation theaters. [14] and other areas to disinfect blood spillages and other grossly infected surfaces so as to minimize the transmission of infections. Many studies have emphasized that routine cleaning, hand washing and barrier nursing alone were not sufficient to control protracted outbreaks of resistant bacteria such as MRSA, but required proper disinfection of the environment. [15] [16] It is very important to consider that the efficiency of disinfectants vary greatly depending on the nature of the surface being disinfected, number and nature of the organisms present, presence of organic soil, duration of exposure and temperature. [17] [18] [19] [20] [21] ] One should always keep in mind the toxic and carcinogenic effects of the occupational exposure of formaldehyde to health care workers as well as the patients.
In the 1 st half of our study (October-November 2012), 70.83 % (n=102) bacterial isolates were obtained from samples prior to fumigation of operation theatres. Similar incidence was reported by a previous study.
[ 22] In our study, 19.44 % (n=28) of bacteria were isolated after fumigation of operation theaters by formaldehyde. In our study 16.66 % (n=17) and 17.75% (n=19) positive bacterial isolates were obtained from the open culture plate method during the 1 st and 2 nd half of our study respectively. This level of bacterial contamination simply revealed the quality of air within the sampled units. Primarily, the quality of indoor air depends on external and internal factors such as the type of ventilation system, cleaning procedures, surgical /medical team and degree of activity. [23] [24] In contrast, higher level of bacterial contamination, 85 (83.33 %) and 88 (82.24%) was recorded by swabbing method during the 1 st and 2 nd half of our study respectively. This value might not be surprising, as high traffic density of personnel and students are involved in the day-to-day surgical/clinical procedures in the operating theatre/other care units, which could serve as source of bacterial contamination as evident in our findings. Duguid and Wallace, 1948 reported that increased activity enhanced the dispersion of bacteria. [25] Formaldehyde based fumigation decreased the bacterial isolates from 70.83 % (prefumigation) to 19.44% (postfumigation). The decrease in colony forming units of all organisms when formaldehyde was used for fumigation was reported by an earlier study. [22] In the latter half of our study (December 2012-January 2013), 74.3 % (n=107) of bacterial pathogens were isolated from the samples prior to fogging by 3 rd generation QAC. 13.88 % (n=20) isolates were obtained from the samples after spray fogging by 3 rd generation QAC. The decrease in the presence of pathogenic organisms from 74.3 % (prefogging) to 13.88% (post fogging by 3 rd QAC) was slightly better than formaldehyde based disinfection.
The Coagulase negative Staphylococci were the most common bacterial isolates from operation theaters in our study, which is in line with previous studies.
[ [26] [27] Besides the CoNS, the other pathogens encountered in hospital environment were Pseudomonas aeruginosa, Staphylococcus aureus, Aceinetobacter, Proteus, Klebsiella, Citrobacter, Escherichia coli.
We found that 3 rd generation QAC are more cost effective than from formaldehyde. For disinfection of area of 1000 cu ft, 15 ml of 3 rd generation QAC [D-125 concentrate (Microgen)] in one liter of water is used which costs about INR 33. On the contrary, for 1000 cu ft, 500 ml of formaldehyde is used which costs about INR 50 and an additional cost of KMnO 4 and ammonia. This study shows that both disinfectants were highly effective in killing microbes, but 3 rd generation QAC have slightly better efficacy as stated by different studies. [28] [29] [30] Keeping in view the toxicity [31] and carcinogenicity [32] caused by the occupational exposure to formaldehyde, 3 rd generation quaternary ammonium compounds are better choice as they are relatively stable in the presence of organic matter, have bacteriostatic residual effect on treated surfaces and cause low irritation and low toxicity. [33] [34] An ideal disinfectant should have a broad antimicrobial spectrum, should be non irritating, less toxic, non corrosive and inexpensive. [35] There are some limitations of this study as we have not tested for antifungal, antimycobacterial and antiviral effect as claimed by the manufacturer's literature. It may be concluded from the present study that 3 rd generation quaternary ammonium compound formulations may be preferred over potentially toxic and carcinogenic formaldehyde as disinfectant.
